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l a t i o n s  of t h e  i n n e r  Van Al len  b e l t  proton 
p o p u l a t i o n  show t h a t  l a r g e  changes of t h e  popu la t ion  up t o  a f a c t o r  of 
50 w i l l  t a k e  p l a c e  d u r i n g  t h e  s o l a r  c y c l e .  ?he e f f e c t  i s  most pronounced 
f o r  t h e  r eg ion  of B-L space  cor responding  t o  minimum a l t i t u d e s  of 300-700 
km. Because d i f f e r e n t  energy  p ro tons  respond t o  t h e  changing s o l a r  c y c l e  
a t  d i f f e r e n t  rates t h e  pro ton  energy spectra w i l l  change w i t h  t i m e  a l s o .  
r 
3 
, S o l a r  Cycle  Changes i n  I n n e r  Zone P r o t o n s  
Rober t  C .  B lanchard t  
an d 
Wilmot N. Hess 
I - i  
The purpose of  t h i s  paper  i s  t o  c a l c u l a t e  t h e  expec ted  changes  i n  
i n n e r  zone pro ton  p o p u l a t i o n s  w i t h  t i m e  i n  t h e  solar c y c l e .  
I Freden and White  [19591 i d e n t i f i e d  the p e n e t r a t i n g  component of t h e  
I i n n e r  zone of t h e  Van A l l e n  b e l t  as due t o  e n e r g e t i c  p r o t o n s  and measured 
the ene rgy  spectrum of  t h e  p r o t o n s  of E > 75 M e V .  T h i s  and subsequent  i 
expe r imen ta l  work on At l a s  r o c k e t s  [Freden and Whi te ,  1960; Freden and 
~ White  , 1962; Armstrong , Har r i son  Heckman and Rosen , 19611 h a s  conf i rmed 
and ex tended  t h i s  f i n d i n g  and w e  now have a w e l l - e s t a b l i s h e d  p r o t o n  energy  
spec t rum a t  L ,- 1.4,  B - .20 ,  which i s  a b o u t  apogee f o r  t h e s e  f l i g h t s ,  f o r  
n e a r  solar  maximum (see F i g .  1 ) .  The a n a l y s i s  of t h i s  spectrum [Freden  and 
I White ,  19601 h a s  shown c o n c l u s i v e l y  t h a t  t h e  p r o t o n s  are produced by neu t ron  
decay.  
One of t h e  f e a t u r e s  of  t h i s  component of t h e  r a d i a t i o n  b e l t  i s  t h e  t i m e  
c o n s t a n c y .  Measurements a f t e r  a s o l a r  f l a r e  [Freden  and Whi te ,  19621 gave  
e s s e n t i a l l y  t h e  same f l u x e s  of  pro tons  as b e f o r e  t h e  f l a r e .  F o r  L > 1.6 
changes  i n  pro ton  s p e c t r a  are seen [Naugle and K n i f f e n ,  19611 a s s o c i a t e d  
_. 
w i t h  solar  p r o t o n  e v e n t s  [ P i z z e l l a ,  19611. 
terms of  n e u t r o n s  produced i n  t h e  p o l a r  r e g i o n s  by s o l a r  p r o t o n s  [Lenchek, 
These may be e x p l a i n a b l e  i n  
1962;  L i n g e n f e l t e r ,  t o  be publ i shed] .  
t h e  p r o t o n  p o p u l a t i o n s  have been observed on E x p l o r e r  V I 1  [ P i z z e l l a ,  19611. 
For  L .C 1.6 o n l y  g r a d u a l  changes i n  
t Done as  p a r t  of the r equ i r emen t s  f o r  a Master's Degree from the C o l l e g e  
of  W i l l i a m  and Mary. 
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I t  was o r i g i n a l l y  sugges ted  [ P i z z e l l a ,  19611 t h a t  such  changes impl ied  t h a t  
n e u t r o n s  could n o t  produce a l l  i n n e r  zone p r o t o n s  b u t  t h i s  d o e s  n o t  seem 
t o  be t h e  case. 
were expec ted  due t o  changes i n  t h e  g a l a c t i c  cosmic r a y  f l u x  d u r i n g  t h e  
s o l a r  c y c l e  and more i m p o r t a n t l y  due t o  changes  i n  t h e  upper  a tmosphe r i c  
d e n s i t y  d u r i n g  t h e  s o l a r  c y c l e .  We w i l l  now make a q u a n t i t a t i v e  d i s c u s s i o n  
of t h e  expec ted  changes i n  pro ton  p o p u l a t i o n s  f o r  L < 1.6 .  
Hess [I9621 showed t h a t  s low changes  i n  p r o t o n  popu la t ion  
The c o n t i n u i t y  e q u a t i o n  f o r  p r o t o n s  i s  u s u a l l y  w r i t t e n  [ S i n g e r ,  1958; 
Hess, 1959; Freden and Whi te ,  19601 
and t h e  s t e a d y  s ta te  p o p u l a t i o n  of p r o t o n s  N ( E )  s o l v e d  f o r .  We are now 
i n t e r e s t e d  i n  t i m e  v a r i a t i o n s  so w e  w i l l  w r i t e  t h e  t i m e  dependent  form of 
t h i s  equat ion  
d dE dNO = + S ( E , t )  - L ( E , t )  + %  [I N ( E , t )  dx ( t )  v 3 d t  
The source  t e r m  S ( E , t )  w i l l  u s e  t h e  neu t ron  decay s o u r c e  s t r e n g t h  of Hess 
f o r  s o l a r  maximum S ( E )  m u l t i p l i e d  by a f u n c t i o n  of t i m e  f ( t )  t o  c o n s i d e r  t h e  
s o l a r  c y c l e  v a r i s t i o n  i n  g a l a c t i c  cosmic r a y  f l u x  as  de termined  by McDonald 
and Webber [ I9611 
, -  
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.e3 F ( t )  
r 
0 . 8  
S(E t )  = S(E) f ( t )  I 
"UT, 
(3)  
where f ( t )  v a r i e s  from 1.0 a t  s o l a r  max t o  1 . 2 5  a t  s o l a r  min i n  a s imi l a r  
way t o  F i g .  2. 
Fo r  the l o s s  t e r m  L ( E , t )  f o l lowing  Freden and White [I9601 w e  c o n s i d e r  
n u c l e a r  c o l l i s i o n s  
where ' T ~  ( t )  i s  t h e  ave rage  a tmosphe r i c  d e n s i t y  of a tmosphe r i c  component 
i ( 0 2 ,  0, N2 o r  H e )  and ai i s  t h e  i n e l a s t i c  c r o s s  s e c t i o n  f o r  c o l l i s i o n s  
(assumed g e o m e t r i c ) .  
The l a s t  t e r m  i n  e q u a t i o n  2 ,  t h e  chsnge i n  p ro ton  p o p u l a t i o n  due t o  
s lowing down, v a r i e s  w i t h  t h e  s o l a r  c y c l e  due t o  the a tmosphe r i c  d e n s i t y  
change 
where 7 ( t )  i s  t h e  ave rage  a tmosphe r i c  d e n s i t y  of e q u i v z l e n t  oxygen atoms. 
The v a r i a t i o n  of vi( t )  and - ( t )  w i t h  t i m e  i n  t h e  s o l a r  c y c l e  i s  t h e  major 
r e a s o n  f o r  t h e  change i n  p ro ton  p o p u l a t i o n .  
- 
Q 
Average Atmospheric D e n s i t i e s  
A major p a r t  of t h i s  problem w a s  t o  d e t e r m i n e  t h e  ave rage  atmos- 
p h e r i c  d e n s i t i e s  used i n  c a l c u l a t i n g  t h e  loss  rate of t r a p p e d  p r o t o n s  by 
coulomb s c a t t e r i n g .  To do t h i s  t h e  t h e o r e t i c a l  model of t h e  upper  atmos- 
phere developed by Harris and P r i e s t e r  [1962] w a s  used. T h i s  model g i v e s  
t h e  t i m e  dependences of t h e  atmosphere f o r  b o t h  s o l a r  c y c l e  and d i u r n a l  
v a r i a t i o n s ,  It  a g r e e s  w e l l  w i t h  s e v e r a l  measurements of d e n s i t y  by 
s a t e l l i t e  drag (King-Hele,  1963; Bryan t ,  t o  be p u b l i s h e d )  and r e c e n t l y  
h a s  been checked by p r e l i m i n a r y  d a t a  of d e n s i t i e s  from t h e  E x p l o r e r  XVII 
s a t e l l i t e . /  T h i s  model a tmosphere i s  t h e  most complete  d e s c r i p t i o n  of t h e  
Spencer e t  a1 ri9631 
t i m e  dependence of a tmosphe r i c  d e n s i t i e s  a v a i l a b l e  and a g r e e s  w e l l  w i t h  
t h e  c u r r e n t  e x p e r i m e n t a l  d a t a .  We must perform s e v e r a l  o p e r a t i o n s  on t h e  
H and P model d a t a  t o  g e t  i t  i n  form t o  u s e  f o r  t h i s  problem. Harris and 
P r i e s t e r  g i v e  t h e  atom d e n s i t i e s  n i  of t h e  s e v e r a l  a tmosphe r i c  c o n s t i t u e n t s  
i i n  t h e  form of 
where h i s  a l t i t u d e  above t h e  e a r t h ,  t i s  l o c a l  t i m e ,  and S i s  a model 
pa rame te r  r e l a t e d  t o ,  b u t  n o t  t h e  same as ,  t h e  i n t e n s i t y  of t h e  ave rage  
- 
10 c m  s o l a r  f l u x ,  F ,  i n  wa t t s /m2-cps  x Recent s t u d i e s  of atmos- 
p h e r i c  d e n s i t i e s  [Harris and P r i e s t e r ,  19631 show t h a t  t h e  model number 
S i s  t h e  same as F n e a r  s o l a r  max b u t  n e a r  s o l a r  min S < F. For  example,  
- - 
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- 
F 3 70 c o r r e s p o n d s  t o  t h e  model S a 100. F ig .  2 shows t h e  s o l a r  c y c l e  
v a r i a t i o n  of  S w e  have used  based  on t h e  las t  s o l a r  c y c l e .  
The f i r s t  o p e r a t i o n  on t h e  H and P atmosphere i s  t o  ave rage  o v e r  l o c a l  
t i m e .  The p r o t o n s  w e  w i l l  c o n s i d e r  l i v e  long  enough so t h a t  t h e y  w i l l  
e n c o u n t e r  t h e  midday d e n s i t y  bu lge  and t h e  n i g h t t i m e  minimum many times and 
w i  1 1 ave rage  them o u t  . 
Secondly ,  w e  perform a l o n g i t u d e  average .  A s  t h e  p a r t i c l e s  d r i f t  
around t h e  e a r t h  t h e i r  m i r r o r  p o i n t s  do n o t  s t a y  a t  c o n s t a n t  a l t i t u d e  b u t  
r a t h e r  f o l l o w  a c e r t a i n  p a t h  i n  B-L space.  S e v e r a l  such c o n s t a n t  B-L r i n g s  
are shown i n  a l t i t u d e - l o n g i t u d e  c o o r d i n a t e s  i n  F ig .  3. The p a r t i c l e s  d i p  
lowes t  i n  t h e  South  A t l a n t i c  due t o  the  n a t u r e  of t h e  e a r t h ' s  magnet ic  f i e l d .  
A B-L map of  minimum a l t i t u d e s  i s  shown i n  F ig .  4. Due t o  t h e  v a r i a t i o n  i n  
a l t i t u d e  of  t h e  p r o t o n s '  m i r r o r  p o i n t ,  l o n g i t u d e  ave rages  w e r e  made u s i n g  t h e  
B-L r i n g s  e v e r y  t e n  d e g r e e s  i n  both  n o r t h e r n  and sou the rn  hemispheres .  T h i s  
s t e p  g i v e s  t h e  average  m i r r o r  p o i n t  d e n s i t y  f o r  a p r o t o n ' s  motion.  Walt 
h a s  r e c e n t l y  shown t h a t  t h e  p r o t o n s  do n o t  d r i f t  i n  l o n g i t u d e  a t  a c o n s t a n t  
rate because  of t h e  v a r i a t i o n  of t h e  magnet ic  f i e l d  g r a d i e n t  and f i e l d  l i n e  
c u r v a t u r e .  T h i s  e f f e c t  i s  ignored  h e r e .  It  probably  amounts t o  abou t  a 
20 p e r c e n t  c o r r e c t i o n  on ave rage  d e n s i t i e s .  Values  of  a tmosphe r i c  d e n s i t i e s  
are n o t  known t h a t  w e l l  now anyway. 
The t h i r d  o p e r a t i o n  on t h e  H and P atmosphere i s  t o  ave rage  o v e r  a 
bounce from one m i r r o r  poi.nt  t o  t h e  con juga te  m i r r o r  p o i n t .  S i n c e  t h e  
p r o t o n s  l i v e  much longe r  t h a n  a bounce p e r i o d ,  and s i n c e  no change i n  d i r e c -  
t i o n  of t h e  p r o t o n  i s  c o n s i d e r e d  d u r i n g  s lowing ,  i t  i s  p e r m i s s i b l e  t o  ave rage  
t h e  d e n s i t y  i n  t h i s  f a s h i o n .  A d i p o l e  f i e l d  i s  assumed i n  c a r r y i n g  o u t  t h i s  
s t e p .  
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Ray [1960] gave t h e  bounce a v e r a g i n g  p r o c e s s  as 
where t h e  element of l e n g t h  a long  t h e  p a r t i c l e ' s  o r b i t  i s  
ds = - vd t I dL 
c o s  a c o s  a 
where d& i s  t h e  element  of l e n g t h  a l o n g  t h e  f i e l d  l i n e .  Using 
d t 2  = d r 2  +q2 d h 2  
and 
( 7 )  
r L c o s 2  A ( 9 )  
w i t h  t h e  m i r r o r  e q u a t i o n  and t h e  e x p r e s s i o n  f o r  t h e  magnet ic  f i e l d  v a r i a -  
t i o n  a long  a f i e l d  l i n e  
combining and s u b s t i t u t i n g  i n  e q u a t i o n  6 g i v e s  
where 
The s u b s c r i p t  m h e r e  co r re sponds  t o  the  p a r t i c l e s '  m i r r o r  p o i n t .  T h i s  
bounce averaged  d e n s i t y  h a s  been i n t e g r a t e d  on a computer.  
The last  s t e p  i s  t o  combine t h e  f i v e  i c o n s t i t u e n t s  Nz, 0 2 ,  0, H e  and 
H t o  g i v e  t h e  averaged  number of e q u i v a l e n t  oxygen atoms 
3 
Values  of  p a t  d i f f e r e n t  t i m e s  i n  t h e  s o l a r  c y c l e  f o r  L = 1.25 are shown i n  
F igu re  5. 
We can u s e  t h e  d a t a  on t h e  ra te  of ene rgy  loss  dE/dx f o r  oxygen a t  
mp [Aaron,  Hoffman and Williams, 19.497 i n  e q u a t i o n  5 wi th  t h i s  averaged  
d e n s i t y  5 t o  c a l c u l a t e  t h e  loss  rate. 
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RESULTS 
Equation (2)  i s  i n t e g r a t e d  s t e p w i s e  s t a r t i n g  w i t h  N(E)  = 0 a t  t = 0 
t o  b u i l d  up t o  an o s c i l l a t i n g  p r o t o n  p o p u l a t i o n  which i s  t h e , s a m e  from one 
s o l a r  c y c l e  t o  t h e  n e x t .  I n  F i g u r e  6 i s  shown t h e  number of s o l a r  c y c l e s  
a f t e r  which t h e  p o p u l a t i o n  change p e r  c y c l e  i s  less  than  1% f o r  L = 1.25. 
A f t e r  a c h i e v i n g  t h i s  f i n a l  c o n d i t i o n  t h e  p r o t o n  energy spectrum v a r i e s  
d u r i n g  o n e  s o l a r  c y c l e  as shown i n  F i g u r e s  7-11. 
bottom i n  t h e s e  f i g u r e s  are what t h e  p r o t o n  spectrum would be i f  s t e a d y  
s t a t e  c o n d i t i o n s  were ach ieved  a t  s o l a r  max and s o l a r  min. S t eady  s t a t e  
c l e a r l y  i s  n o t  ach ieved  f o r  h i g h  energy p r o t o n s  o r  f o r  h i g h  a l t i t u d e s .  
The d o t t e d  c u r v e s  t o p  and 
I t  i s  a l s o  i n t e r e s t i n g  t h a t  t h i s  c a l c u l a t i o n  p r e d i c t s  a s p e c t r a l  peak 
above 100 Mev f o r  c e r t a i n  c o n d i t i o n s  ( F i g u r e  7 ,  y e a r  3) due t o  t h e  t i m e  
l a g  i n  d i f f e r e n t  energy p r o t o n s  a d j u s t i n g  t o  s o l a r  c y c l e  changes.  
F i g u r e s  12 and 13 show t i m e  h i s t o r i e s  f o r  v a r i o u s  c o n d i t i o n s .  Large 
v a r i a t i o n s  from s o l a r  max t o  s o l a r  min p o p u l a t i o n s  are seen i n  t h e s e  
f i g u r e s .  
i n  F i g u r e s  14 and 15. 
The ampl i tude  of t h e s e  changes f o r  L = 1.25 and 1.40 are shown 
A comparison of p a s t  e x p e r i m e n t a l  r e s u l t s  and t h e  c a l c u l a t i o n s  of  
t h i s  paper  i s  shown i n  Tab le  I .  I n  d i s c u s s i n g  t h e s e  expe r imen t s  w e  can 
c o n s i d e r  t h r e e  t y p e s  of i n f o r m a t i o n .  
I n  comparing t i m e  changes of t h e  p r o t o n  f l u x e s  two s i t u a t i o n s  o c c u r :  
1. Some i n d i v i d u a l  expe r imen t s  run long enough ( a  y e a r  o r  more) 
so t h a t  t hey  should see p r o t o n  f l u x  changes d i r e c t l y .  From Tab le  I ,  
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expe r imen t s  ( c )  and ( d )  are of t h i s  t i m e .  
i t  i s  n o t  one experiment  on one s a t e l l i t e ,  i t  i s  many i d e n t i c a l  exper iments  
on e s s e n t i a l l y  i d e n t i c a l  sa te l l i tes ,  and t h e r e f o r e  t h i s  experiment  f a l l s  
i n  t h i s  c a t e g o r y .  
Although i n  experiment  ( d )  
2. D i f f e r e n t  exper iments  on d i f f e r e n t  s a t e l l i t e s  can be compared 
t o  p rov ide  d a t a  on p ro ton  f l u x  changes. Data of t h i s  t ype  i s  g iven  i n  
expe r imen t s  ( a ) ,  (e) and ( f )  i n  Table I .  
The t h i r d  type  of d a t a  i s  given by: 
3.  Direct measurement of t h e  p ro ton  energy  spectrum i n  one 
exper iment .  Experiments  ( a ) ,  ( b ) ,  ( e ) ,  ( f )  and ( g )  are of  t h i s  t ype .  
I n  comparing f l u x  t i m e  change expe r imen t s  of type  (1) w i t h  t h e  
c a l c u l a t i o n s ,  t h e  agreement i s  good. Two expe r imen t s  cove r ing  t h e  p e r i o d  
1959 t o  1962 g i v e  r e s u l t s  c o n s i s t e n t  w i th  t h e  c a l c u l a t i o n s .  
Comparing w i t h  type  (2)  d a t a  does  n o t  work as w e l l .  The observed  
changes of f l u x  w i t h  t i m e  a g r e e  q u a l i t a t i v e l y  than  t h o s e  p r e d i c t e d  bu t  
n o t  q u a n t i t a t i v e l y .  The exper imenta l  f l u x  r a t i o s  are smaller than  t h e  
c a l c u l a t e d  ones.  Two remarks are i n  o rde r  h e r e .  F i r s t ,  t y p e  (2)  d a t a  
u s u a l l y  h a s  l a r g e r  e r r o r s  a t t a c h e d  t o  i t  than  t y p e  (1) because i t  i n v o l v e s  
t h e  s y s t e m a t i c  e r r o r s  of two experiments  w h i l e  t y p e  (1) d a t a  i n v o l v e s  no 
s y s t e m a t i c  e r r o r s - - o n l y  s t a t i s t i c a l  e r r o r s  are invo lved  i n  t h e  t i m e  
v a r i a t i o n s  i n  t h e  f l u x .  Because of t h i s  t h e  expe r imen ta l  f l u x  r a t i o s  
u s i n g  t y p e  (2)  d a t a  are probably  n o t  as a c c u r a t e  as t h o s e  u s i n g  type  (1) 
- 10 - 
d a t a .  
d a t a ;  so t h e r e  i s  no independen t  check of e x p e r i m e n t a l  c o n s i s t e n c y .  
Secondly a l l  the comparisons of t ype  ( 2 )  d a t a  i n v o l v e  E x p l o r e r  I V  
We may have o v e r - e s t i m a t e d  t h e  ampl i tude  of t h e  change of p ro ton  
p o p u l a t i o n s  i n  t h i s  p r e s e n t  c a l c u l a t i o n  by as much as a f a c t o r  of two 
because o u r  s o l a r  c y c l e  model u s e s  S 
d a t a  of Harris and P r i e s t e r  (1963) shows t h a t  S 100 i s  p robab ly  more 
a p p r o p r i a t e .  
a l s o  a f f e c t  t h e  r e s u l t s  of t h e  c a l c u l a t i o n .  The s o l a r  c y c l e  must r ise  
more r a p i d l y  towards s o l a r  max. than i t  f a l l s  t o  s o l a r  m i n .  i n  o r d e r  t o  
produce t h e  changes i n  spectrum c a l c u l a t e d  h e r e .  S o l a r  c y c l e  16 was 
q u i t e  symmetrical  and shou ld  n o t  g i v e  t h e  c a l c u l a t e d  r e s u l t s .  
70 a t  s o l a r  minimum w h i l e  r e c e n t  
Changing t h e  shape of t h e  model s o l a r  c y c l e  ( F i g u r e  2) w i l l  
O f  t h e  f i v e  expe r imen t s  of t ype  (3)  t h a t  h e l p  unde r s t and  t h e  p ro ton  
energy spectrum t h e  f i r s t  two ( a )  and ( b )  i n  1960 showed a modest s i z e d  
peak a t  about E =E 40 M e V .  The more r e c e n t  expe r imen t  ( g )  of Rowland e t  
a1 i n  1962 shown i n  F i g u r e  16 does  n o t  show such a peak. The s o l i d  c u r v e  
on F i g u r e  16 compared w i t h  t h e  d a t a  of Rowland i s  t h e  r e su l t s  of t h e  
p r e s e n t  c a l c u l a t i o n s  normalized.  The agreement i s  f a i r l y  good. Recent  
expe r imen t s  ( f ) ( g )  show a l a r g e  low energy p r o t o n  p o p u l a t i o n  b u t  canno t  
be compared w i t h  e a r l y  expe r imen t s  because t h e  e a r l y  ones d i d  n o t  go down 
t o  such low e n e r g i e s .  F i g u r e s  7-11 show t h a t  t h e  c a l c u l a t e d  s p e c t r a l  shape 
should n o t  change much d u r i n g  t h e  p e r i o d  of t h e s e  measurements--from 6 t o  
9 y e a r s  s o l a r  c y c l e  t i m e .  The p ro ton  f l u x e s  should i n c r e a s e  b u t  t h e  shape 
of t h e  spectrum s t a y s  n e a r l y  t h e  same. S t r i k i n g  changes i n  s p e c t r a l  shape 
should occur on t h e  upswing of t h e  s o l a r  c y c l e .  The agreement w i t h  s p e c t r a l  
shape i n  F igu re  16 i s  n o t  bad b u t  t h e  peaks i n  expe r imen t s  ( a )  and ( b )  
should n o t  o c c u r  a t  t s 6. 
by Freden and White (1962)  i s  r e q u i r e d  t o  e x p l a i n  t h e  peak. 
I t  may be t h a t  a n e u t r o n  a b s o r p t i o n  as  sugges t ed  
- 11 - 
A l l  of  t h e  in fo rma t ion  p resen ted  so f a r  on F i g u r e s  6 through 15 are 
m i r r o r  p o i n t  f l u x e s  M ,  t h a t  i s ,  t h e  f l u x  of  p r o t o n s  m i r r o r i n g  p e r  u n i t  
volume a t  one p a r t i c u l a r  B and L .  For low a l t i t u d e s  where t h e  atmosphere 
m 
changes  r a p i d l y  w i t h  a l t i t u d e  i t  i s  n e a r l y  c o r r e c t  t o  compare t h i s  f l u x  
w i t h  measured o m n i d i r e c t i o n a l  f l u x  va lues .  For  t h e s e  low a l t i t u d e s  t h e  
o m n i d i r e c t i o n a l  f l u x  i s  ve ry  n e a r l y  the  same as t h e  m i r r o r  p o i n t  f l u x .  
To show a more complete  p i c t u r e  of the  s o l a r  c y c l e  pro ton  changes  w e  have 
c o n v e r t e d  t o  o m n i d i r e c t i o n a l  f l u x e s  us ing  e q u a t i o n s  ( 2 4 )  of  Hess and 
K i l l e e n  (1961). F i g u r e  17 shows a c a l c u l a t e d  R-A map of t h e  25 Mev p ro ton  
o m n i d i r e c t i o n a l  f l u x e s  J a t  s o l a r  max and s o l a r  min. An i s o f l u x  c o n t o u r  
i s  c l e a r l y  a t  lower R f o r  s o l a r  minimum. 
I n  c o n c l u s i o n  w e  have shown t h a t  l a r g e  changes  i n  p ro ton  f l u x e s  w i l l  
t a k e  p l a c e  d u r i n g  t h e  s o l a r  c y c l e  f o r  t h o s e  r e g i o n s  of  B-L space  c o r r e s -  
ponding rough ly  t o  minimum a l t i t u d e s  of about  300-700 km. Changes i n  
p ro ton  s p e c t r a  w i l l  o c c u r  a l s o .  Comparison of t h e  c a l c u l a t i o n s  w i t h  a v a i l -  
a b l e  e x p e r i m e n t a l  i n f o r m a t i o n  are n o t  conc lus ive .  Some k i n d s  of e x p e r i m e n t a l  
d a t a  a g r e e  q u a n t i t a t i v e l y  w i t h  t h e  c a l c u l a t i o n s .  O the r  d a t a  a g r e e s  q u a l i t a -  
t i v e l y  b u t  n o t  q u a n t i t a t i v e l y .  The crucial tes ts  of  t h e  c a l c u l a t i o n s  w i l l  
i n v o l v e  measur ing  changes  i n  t h e  proton f l u x  and spectrum as w e  approach 
s o l a r  maximum d u r i n g  1966-68. W e  know e x p e r i m e n t a l l y  (King-Hele 1963) 
t h a t  t h e  a tmosphe r i c  d e n s i t y  changes  used i n  t h e  c a l c u l a t i o n  are r e a s o n a b l e .  
These c a l c u l a t e d  e f f e c t s  must t a k e  p l ace  w i t h  abou t  t h e  magnitudes.shown h e r e  
u n l e s s  t h e r e  are f e a t u r e s  of t h e  i n n e r  b e l t  p r o t o n s  which w e  do  n o t  now 
under  s t a n  d . 
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The e x p e r i m e n t a l l y  measured i n n e r  zone p ro ton  ene rgy  spectrum (Freden and 
White 1962) f o r  L - 1.4 B - .20. 
S o l a r  c y c l e  used i n  t h e s e  c a l c u l a t i o n s  S i s  t h e  Harris and P r i e s t e r  (1962) 
model pa rame te r  which i s  r e l a t e d  t o  b u t  n o t  t h e  same as t h e  10 c m  f l u x  
i n t e n s i t y .  
V a r i a t i o n  of  t h e  a l t i t u d e  o f  B-L r i n g s  w i t h  l o n g i t u d e .  
B-L map o f  minimum a l t i t u d e s .  
Average a tmosphe r i c  d e n s i t i e s  a t  d i f f e r e n t  t i m e s  of  t h e  s o l a r  c y c l e  a t  
d i f f e r e n t  B-L p o i n t s .  
The number of  s o l a r  c y c l e s  needed f o r  a group of p r o t o n s  t o  come w i t h i n  1% 
of i t s  f i n a l  o s c i l l a t i n g  popu la t ion  f o r  L = 1.25 s t a r t i n g  w i t h  N(E) 3 0 a t  
t a 0. 
P r o t o n  Energy S p e c t r a  a t  d i f f e r e n t  t i m e s  i n  the solar c y c l e  f o r  L = l .Q, 
B = .225. The c u r v e s  are l a b e l e d  by t h e  t i m e  i n  y e a r s  from s o l a r  min. 
P r o t o n  Energy S p e c t r a  a t  d i f f e r e n t  t i m e s  i n  t h e  s o l a r  c y c l e  f o r  L = 1..@, 
B = .201. The c u r v e s  are l a b e l e d  by t h e  t i m e  i n  y e a r s  from s o l a r  rnin. 
P r o t o n  Energy S p e c t r a  a t  d i f f e r e n t  t i m e s  i n  t h e  s o l a r  c y c l e  f o r  L 3 l.@, 
B = .181. The c u r v e s  are l a b e l e d  by t h e  t i m e  i n  y e a r s  from s o l a r  min. 
P r o t o n  Energy S p e c t r a  a t  d i f f e r e n t  t i m e s  i n  t h e  s o l a r  c y c l e  f c r  L za 1.25, 
B a .207. The c u r v e s  are l a b e l e d  by t h e  t i m e  i n  y e a r s  from s o l a r  min. 
P ro ton  Energy S p e c t r a  a t  d i f f e r e n t  t i m e s  i n  t h e  s o l a r  c y c l e  f o r  L a 1.25, 
B =s .183. The c u r v e s  are l a b e l e d  by t h e  t i m e  i n  y e a r s  from s o l a r  rnin. 
P ro ton  t i m e  h i s t o r i e s  f o r  L = 1.40, B s .225. 
P ro ton  t i m e  h i s t o r i e s  f o r  L P 1.43, B = .201. 
The a m p l i t u d e  of  t h e  p r o t o n  popu la t ion  change d u r i n g  t h e  s o l a r  c y c l e  f o r  
L = 1.25. 
The a m p l i t u d e  of  t h e  p r o t o n  popu la t ion  change d u r i n g  t h e  s o l a r  c y c l e  f o r  
L = 1.4 and 1.6. 
16. The e n e r g y  spectrum of i n n e r  zone p ro tons  measured by Rowland e t .  a l .  196? 
on an At las  pod a t  L a 1 . 2 7 ,  B a .216 shown f o r  comparison i s  t h e  spectrum 
c a l c u l a t e d  i n  t h i s  pape r  f o r  L a 1.27, B s . 207 ,  t s 9. 
17. An R-A map of  t h e  o m n i d i r e c t i o n a l  f l u x  of E 3 25 Mev p r o t o n s  a t  s o l a r  max 
and solar min. 
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